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This  report  outlines  the  results  of  tests  conducted  to  detexwine 
the  operating  oharacterietics  and  nsrfomance  specifications  of  Basic  Cir- 
cuit F-P  1,  Draving  B- 31559*  hnd  has  been  written  to  provide  quantitative 
data  to  expedite  deai^  and  testing  cf  circuits  incorporating  the  basic 
flip-flop  as  a component . 

St.  description  of  several  early  type  flip- flops,  ae  well  as  the 
preliminary  design  of  the  existing  basic  flip-flop,  is  included  in  Report 
B^113*  Since  Report  E-II3  was  written  (March  19,  19U7)  several  circuit 
changes  have  been  msule  vdiioh  appreciably  alter  the  performance  of  the  flip- 
flop  circuit. 

O.  C.  Flip-Flop  Operation 

Because  of  the  fact  that  the  cross-feed  reel storey  which  couple  the 
plates  of  the  flip*'flop  to  the  o'ox>8ite  grids^are  direct  coupled  (l.  e.,  no 
blocking  capacitors  are  used  to  isolate  the  d.c.  components  of  the  feedback 
signals)  performance  of  the  basic  flip-flop  is  independent  cf  frequent? 
from  zero  to  the  maximum  ueable  frequency  of  at  least  5 megacycles.  The 
upper  frequency  limit  is  determined  by  switching  time,  which  ie  primarily 
controlled  by  the  time  constant  of  the  R-C  combination  of  output- circuit 
capacitance  and  plat^load  resistance.  Operating  voltages  and  currents, 
and  component  dieeipatione,  are  therefore  independent  of  switching  frequency 
(neglecting  the  very  slifd^t  effect e of  circuit  caaacitances  and  inductancss 
at  hi^  frequencies).  Consequently, determination  of  these  onerating  char- 
acteristics with  the  flip-flop  in  the  steady-state  condition  is  possible. 

Although  1 "oercent  tolerance  resistors  have  been  epecifiod  for 
the  flip-flop  of  vr.;l,  variations  of  6aG7  tube  characterl slice  and  supply 
voltagee  result  in  ap-sreciable  changes  in  circuit  currents,  voltages,  and 
dieeipatione.  Using  a pair  of  6aG7  tubes  having  characteristics  which 
approach  the  average  of  a number  of  production  tubes  tested,  and  maintaining 
supply  voltages  at  the  design  veduee  of  120  volts  for  screen  supply  autd  19O 
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^volta.  plate  Buoply,  the  follovln#^  data  vere  ohtained: 

(All  indicated  volta.’^aa  were  a'eaeured  with  respect  to  #^round  and 
are  actual  oircvilt  volta/^s  with  -no  error  attrihutabl.*^  to  voltmeter  loadini; 
of  the  circuit.^ 


ifdit^es  and  Current  e V 

Oh  Tube 

Off  Tube 

yolta^^e  , ■ . ’ . 

IOS.5  y 

‘■'Sa^hPde’-'Vdltaffs 

31  » 

.31  V 

S dr^'ien- V6l  6 ttpe 

11«  w 

120  V 

Control  Grid  7alta«;*  . 

31  V 

21.5  V 

Plate  Current 

2?  lOh 

0 ' sa 

£or«»n  Current 

9 ®A 

0 na 

Cprttrol  Grid  C'd^  r.>ut 

0 . *>  mo 

0 oa 

lotal  Current  frosn  f'l'ju  v supply 

53*5 

Total  Current  from  fl20  v Mpply 

9.0  na 

Tube-Gl-ssipnticns 

Rated  Maxl;r.UJn 

Ar-tiiai  Dlssluotlcn 

?l;iiite  iJisBipat  lo 

3 wat  t s 

1.23  watts 

1.5  watts 

0.79  watts 

CoPtrcl.  Grid  DleplpatiC'Q 

Neeligluls 

, Beatstor  Dlnsloatlons 

Resistor  Hating 

Actual  Olisipatlo; 

li(i<W"abB!  Piute  hoad.  Reslstcr  • 

8 watts 

2*31  watts 

5G00  oh®  i'sed-Ba-Pk  Resistor  . 

8 watts 

•]  * — tts 

frOOO  ohm  Grid  Resistor 

a watts 

O.hg  watts 

ohm  Cathode  Resistor . .v-  .. 

2 watts 

1.13  watts  ■ 

220  ohm  Plate  DocoUpl'er 

2 watt  s 

0.&4  watts 

’220  chm  Screon  Decoupler 

1 watt 

0.02  watts 

^ Note  that  ali  diaslnatione,  with  the  exception  of  hAG/  screec  £:rid. 
and  g20-*o?.i;a  cathode  resietor,  are  loss  than  one-half  of  the  corresponding 
ratod  snaximmF,.  The  6aG7  Bcresn  dissipation  is  53  oercent  of  rated  naaiinuB 
tind  820  ohsi  caDiode-reelstor  disslijation  is  57  percent  of  rated  maximum. 

Pulsed  Ooerntlon  of  Flip-Flop 

Prom  the  tirecedlng  data  the  piate-voltaiKe  cfian/?e  from  ^ to*  off 
for  d.c.  ooeration  ie  observed  to  be  32  volts.  Por  p.J.sed  >•  >eratlon  with 
IrO  volt  screen  3u-7Dly  and  I50  volt  plate  supply  the  plate  voltare  excursion 
durinf:  svltdilnt^  is  also  ‘}2  volte  at  ali  frequencies  up  to  the  aaximun  usable 
ewltciiln^  frequency  of  approximately  5 >negftoycl«s.  A ten-volt  reduction  on 


En^lneorinff  Kotos  E-llU 


Page  5 0^  3 


both  pcroon  and  olato  eupoJy  voltares  reduces  the  plate  volta#»a  Bvinp, 
darln#»  switching  to  29  volts,  vhlle  a 10  volt  Increase  in  plate  and 
screen  sunoly  volta/>;eB  Increases  the  output  voltage  to  3^  volts.  The 
•flip-flop  circuit  is  stable  with  considerably  greater  v.'iriations  in  plate 
and  screen  suTjnly  voltages  but  oneration  of  WWl  under  such  conditions  Is 
not  ant  icioat** ; . 

Tht?  lOHgnltude  of  the  trigger  puls*"  does  not  affect  cutout 
VO  age  eying,  nor  does  outout  circuit  loading  by  gate  tubes  or  indicator 
circuits.  Kownve.r,  capacitance  shunted  across  the  plate  load  dcee  increase 
the  rise  tl.r.tt  of  the  circuit  during  syitohlng  (see  Figures  1 to  12)  • 

Variations  of  acreer  and  plate  supply  volta.’iea  affect  the 
sensitivity  of  th<!  flip-flop  to  trigger  nulses,  but  the  '^J.ange  in  nil9lffluffl 
ouJise  amplitude  required  to  trigger  the  flip-flop  is  flfgllglblc  for  t 10 
vfiltB  variatiori  In  supply  voltages.  With  IhO  volt  date  supply  voltage 
and  120  volt  screen  eupnly  voltage  a 0.1  mlciosecond  half-sine  wave  oulse 
'if  Hooroxlmately  six  volts  aranlltude  will  trigger  the  flip-flop,  pulse 
sensitivity  being  ao'oroxlmately  the  same  for  nulses  applied  either  to 
control  grid  or  to  catho'les,  uositlvp  pulses  being  applied  to  the  cathode 
fiiid  negative  oulse  to  the  grid,  respectively. 

Outiiut  Wave  dhapes 

A Kiodel  3 syneliroscope  was  used  to  determine  the  output  voltage 
wave  shapes  of  the  flip-flop.  The  uryper  verticsd  deflection  plate  waa  con- 
nected to  the  plate  of  one  of  the  flip-flop  tubes  through  a 120  islcroinicro- 
farad  mica  cauacitor,  the  cathode-ray  tube  d$»flecticn  plate  being  returned 
to  ground  through  a 0..82  megohm  resistor.  The  capacitance  of  the  deflection 
circuit ■ and  test  lead  waa  aooroximately  1^  mlcrooicrofarads.  The  synchroe- 
cope  trace  was  ohotographed,  the  horlsontal  avee  > speed  bavins  been  adjusted 
to  cause  two  large  divisions  (2U  diaall  divisions)  of  the  coordinate  grid- 
work  to  corresrond  to  exactly  one  microsecond.  Each  small  division  vertically 
corresponds  aooroxlmately  to  six  volts  inout  signal  voltage  to  the  deflection 
nlate.  Figures  1 to  12  are  typical  output  voltage  wave  oecillograms  under 
various  pulse  and  outnut  oanacltance  loading  conditions. 

F'.^^ree  1 to  6,  Drawing  and  Figures  7 to  12,  Drawing 

are  photographs  of  the  outmit  wave  shape  of  a flip-flop  with  ▼olt 
paired  restorer  nulses,  soaced  one  microsecond  at  a repetition  rate  of  10 
ki.locycle9  driving  the  cathodes  of  the  flip-flops.  In  each  of  the  twelve 
phqto/^ranhs  an  addltlcnal  -nulse,  timed  to  occur  during  the  one  microsecond 
interval  between  the  restorer  pulses.  Is  apnlied  to  the  flip-flop  each  time 
the  synchroscorie  trace  is  triggered.  As  a result  the  flip-flop  tube  to' 
which  the  synchroscone  Is  connected  is  caused  to  switch  from  Off  to  ^ with 
each  alternate  trace  of  the  synchrosoone;  the  effect  of  this  reversal,  com- 
bined with  the  restorer  action  (which  occurs  at  the  extreme  edges  of  the 
’>hotogranh)  is  to  produce  the  double  trace  observed  In  Figures  1 to  12.  It 
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should  he  understood  that  only  one  trane  aoneare  with  each  sweep,  the  two 
traces  aspearln^  alternately  at  a frequencor  oorrefiondlnif:  to  the  trlyirer 
oolse  repetition  frequency  of  10  kilocycles  and  that  the  plate  Tolcaee  of 
only  one  of  the  flip-flop  tubes  is  bein#;  obserred. 

In  Pi^^ee  1 to  6 negative  triy^:er  oulees  were  fed  to  the  #:rid 
circuit  of  the  flip-flop:  In  7 throivn  nositive  iriiv:er  lulsea 

vere  applied  to  the  cdthode.  The  ma#:aitude  of  the  pulses  is  indicated  under 
sach  photograph.  Figures  1 to  3 ^d  7 to  9 indicate  output  voltage  with  no 
shunt  capacitances  other  than  the  stanlard  llip-flop  circuit  wiring,  an 
output  coupling  circuit  CC-1  and  indicator  circuit  IND-l.  No  gate  tube  vae 
connected  to  the  fllTv-flon  aa  the  aynchroscone  deflect ion- input  capacitance 
aoprorlnately  Is  eouivalcnt  to  thp  typical  load  capacitance  which  would  be 
encountered  In  W'/I  arrollcatlooB  of  the  basic  flip-flop.  In  Figures  4 to  6 
anu  10. to  12  ar.  additional  20  micronlcrofarad  rnlcs  capacitor  has  been  shunted 
from  eacii  flip-flop  plate  to  ground  to  simulate  an  unusually  heavily  loaded 
flip-flop.  It  is  not  anticipated  that  anoreclable  conductance  will  bo 
shunted  across  the  flip-flop  plate  circuit  by  the  tyne.  of  loads  used  in  Vf./I, 
although  the  low  output  iop  idance  of  the  flip-flop  (of  the  order  of  1^00 
ohms)  permits  some  outnut-lond  ahunt  conductance  without  eerloae  reduction 
l.n  flip -flop  output  voltnge  or  reliability  of  perfomance. 

Sote  that  the  trigger  puleae,  particularly  if  of  coneiderable 
ma/'nltude,  appe>3r  as  dietortion  in  the  output  wave  ehane,  cathode  trigger 
TJUlses  appearing  as  poaltibe  pulses  ruperimpcsed  on  the  plate  voltage  and 
grid  pul  see  appearing  as  negative  pulses  on  the  plate  wave  fome. 

Switching  tine  can  be  eetimated  from  the  photograoi.e  without 
iiificulty.  Beeqlution  time  (1.  e.,  the  stinimw  time  eeparation  between 
two  adjacent  uuleee  «dileh  will  pemit  the  flip-flop  to  respond  to*  both  the 
individual  pulses)  cannot  be  dstermined  from  the  photograthe  in  this  report 
Uit  has  been  obserred  to  be  of  the  order  of  aioroeeconde,  although 
this  figure  is  only  a rouidi  approximation  as  oulse  shape  and  oagnitude 
appreciably  affect  resolution  tine. 

The  output  voltage  on  all  of  the  pbotograt>he  ie  approziaately 
}2  volte.  Because  of  the  lOO-alcro second  tiao  oonetant  of  the  R-C  coupling 
clrei''t  which  isolates  ths  d.c.  eonponent  of  fli3>-flop  plate  voltage  froa 
the  vertical  deflection  plates,  the  difference  in  voltage  between  the  two 
•ucceeeive  (upper  and  lower)  traces  imaedlatsly  ahead  of  the  first  restorer 
oulee  ie  less  than  3^  volte,  as  at  this  point  tbo  upper  trace  has  been 
falling  and  the  lower  trace  has  been  rising  for  9 aieroseoonds  because  of 
charging  of  the  120  aicroHlerofarad  coupling  capacitor  in  the  synchroecone 
deflection  circuit.  At  low  values  of  reetorei'-uttlee  repetition  rate  crlow 
synchroeco 'is  counling  circuit  time  constant  the  effect  of  synohroecooe 
coupling  tine  oonetant  ie  quite  pronounced,  the  two  traoee  to  the  left  of 
the  firet  restorer  tmlee  apuroat^ing  one  another  closely  and  separating  a 
correeoondlng  anount  to  the  right  of  the  firet  restorer  oulse.  Unleee  a 
synchroecooe  counling  time  constant  of  lens  thah  §0  aicroseeondp  is  used 
the  difference  between  the  voltagee  indieated  by  one  of  the  two  traces 
lounedlately  before  and  immediately  after  switching,  is  very  nearly  equal 
to  the  actual  flip-floo  voltage  swing  during  switching. 
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Startiiu;  of  riip-Flo-p 

Because  of  the  clanoine  cix'ouit  cooneoted  to  the  flip-flop 
plate  circuit,  difficulty  may  'be  experienced  in  causlac;  the  flip-flop  tr> 
start  (i.  a.  to  respond  to  restorer  pul  sec  tfhsn  the  flipwflop  has  been 
at  d.  c.  equilibrium  for  one  second  or  more).  The  reason  for  this  (liff> 
ioulty  is  that  the  0.01  microfarad  oouplia#;  oepaoitor  connected  to  the 
conductixte  flip>flop  tube  plate  is  charged  to  a Toltage  et;ual  to  the 
plate- to-ground  voltage  of  the  conducting  flip-flop  tube  then  the  flxp-flop 
has  bean  et  d.c.  equilibrium  for  one  aeoond  or  more.  Attempts  to  triggsr 
the  flip-flop  are  unsuooessful  unless  ths  On  tube  of  the  flip-flop  is 
driven  to  out-off  for  a period  of  time  long  enou^  for  this  0,01  micro- 
farad capacitor  to  charge  through  the  forward  resistance  of  the  IN34  elamp 
rectifier  and  effective  generator  imnedanoe  of  the  flip-flop  output  cir- 
cuit to  a voltage  soffioientljr  hi^  to  cause  the  Off  tube,  because  of 
positive  voltage  feed  back  throuidi  the  cross  fsad  rssistors  from  ths 
oppoaits  plats  circuit,  to  begin  to  oonduot.  After  the  flip-flop  upsets, 
subssqusnt  response  to  triggsr  pulses  is  normal  (if  ths  pulse  nrf  is  not 
too  low), 

Bsoauss  of  ths  relatively  low  discharge  time  constant  of  the 
coupling  oiroult  It  Is  not  nsosssary  that  the  o*naoitor  be  charged  bgr  m 
sin^e  pulse,  a prolonged  sequence  of  pulses  psrmlttlng  Inoremontal  In- 
creases In  cajiacitor  voltage  until  ths  plate  voltage  reaches  a value 
sufficiently  high  to  upset  the  flip-flop.  However,  as  the  voltage  aoross 
the  oiQ>aoltor  iaoreases,  the  rate  of  loss  of  charge  between  pulses  inorsaass 
and  It  is  therefore  possible  for  the  oapaoltor  voltage  to  rsaoh  an  sqiull- 
Ibrlum  value  for  a given  rsourrent  trigger  pulse,  which  is  not  sufficiently 
high  to  upset  ths  flip-flop.  Tbs  result  is  that  tbs  flip-flop  cannot  be 
started  unless  the  pulse  repetition  r&ta  is  incraasad.  wulss  sagn  Ituds  Is 
increased,  or  some  expedient  such  as  momentarily  removing  the  flip-flop 
Bcreen  voltage  is  utilised. 

For  a given  (njlse  width  and  voltage  the  miniaius  prf  necessary 
for  flip-flop  self  starting  in  determined  by  the  r«tio  of  discharge  tc 
charge  time  constants  of  tho  ooU'>ling  eir-^iit.  This  ratio  is  determined 
primarily  by  the  back  rezistaiioe  of  the  IH34  damp  rectifier,  the  charge 
time  constant. not  being  apnrsoiably  affected  by  the  low  forward  raslataaoe 
of  the  XII34  except  at  very  low  voltages.  Ths  baok-to^front  rsslstanos 
ratio  .of  ths  XK34  inoreasss  greatly  with  Increased  czy  stal  voltags  - for 
this  reason  an  operating  flip-flop  Is  not  apnreolably  loaded  by  ths  ooppllng 
circuit  as  ths  orystd  'badlc- re  si  stance  inoreases  during  flip-flop  ooaratlon 
to  a value  tdilcb  reduoas  olano  cirouit  discharge  between  restorer  oyolae 
to  a negligibla  amount. 

A shunt  resistance  of  O.PJ  fnMgnhme  xcroes  a clamp  circuit 
IN34  having  very  hl^  back  resistance  (considerably  greater  than  one  msgoha 
at  20  volts  shen  tested  on  a WV  standard  rN3^t  tester)  permlttad  reliable 
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self- starting  with  application  of  l6  alcrosecond  standard  volt  palrsd 
restorer  uulses  to  the  flip-flop  cathodes.  An  0.16  negohm  shunt  ciuised 
unreliable  starting  vtnder  similar  circumstances,  while  a 0.1  megohm 
shunt  resistor  prevented  stalling  with  10  microsecond  restorers. 

The  extreme  variation  of  IN34  resist emce  with  applied  voltage 
precludes  the  possibility  of  accurately  cpoclfylng  a minimum  back  resistance 
(uf^.ioj.red  at  a fixed  teet  voltage)  which  will  assure  reliable  flip-flop  self 
starting  at  all  times.  It  Is  believed  that  IN34's  having  the  highest  avail- 
able back  resistance  wlthir  reasonable  conur.erclal  limitations  should  be  used 
for  fll3>-flcp  output  coupling  clamp  crystals  if  eelf  starting  is  essential. 
In  the  event  that  it  Is  not  practicable  to  use  circuit  constants  such  that 

starting  Is  possible,  the  flip-flops  can  be  easily  staurted  by  momentary 
removal  of  screen  voltage;  the  fact  that  such  a circuit  requires  external 
action  to  initiate  cperatlori  Is  not  in  reality  a serious  disadvantage  since 
it  is  ohvloufi  that  self  re- starting  of  an  ostensibly  operative  flip-flop 
which  has  failed  to  operate  for  a short  period  will  very  probably  cause 
more  trouble  than  complete  failure  of  the  flip-flop. 

elf- starting  ability  Is  not  ahureciably  Improved  by  reduotioa 
of  the  capacitance  of  the  output  couollng  capacitor  unless  the  oapacltancs 
ie  reduced  to  an  unreasonably  low  value.  It  is  necessary  that  a aoderataly 
large  coupling  oapausitor  be  used  to  maintain  a high  coupling  circuit  time 
constant,  otherwise  restorer  repetition  rate  must  be  unduly  increased. 

Seneltlvlty  to  Power-Supply  yiuotuatlonet 

Rapid  changee  of  screen  or  plate  eupoly  voltage,  euoh  as 
might  be  caused  by  the  operation  of  other  milsed  oiroults  on  a oosnon 
i>ower  supply  with  the  flip-flop,  can  result  in  triggering  of  the  flip-flop. 
To  determine  the  approximate  sensitivity  of  the  flip-flop  to  triggering  by 
such  unwanted  oulses  a circuit  wne  constructed  wherein  an  approximately 
reotangular  pulse  of  4 mlcroseoond  duration  and  having  a 0.2  sdoroseoond 
rise  time  could  be  inserted  in  eerlen  with  the  plate  or  screen  i^upply  linee 
of  the  flip-flop, • 

Both  positive  and  negative  pulees  were  applied  to  the  eoreen 
supply  line,  to  the  plate  supply  line,  end  to  the  screen  of  one  of  the 
fllp-floptubes,  the  other  eoreen  being  operated  at  120  volte  without  an 
Interference  pulse.  Figures  13  to  16,  Drawings  SA- 36417  and  SA-3S^iSt 
indicate  the  appearance  of  the  eupply-llne  pulse  and  the  corresponding 
pulte  at  the  output  or  flip-flop  tide  ef  the  220-ohm  0.01  miorofared 
deoounling  filter  In  the  corresponding  eupply  lead.  Figures  11  and  l4 
represent  the  pulse  applied  to  both  screens.  Figures  1^  end  lb  represent 
the  pulte  applied  to  one  eoreen  only,  while  application  of  pulsee  to  the 
plate  supply  line  is  indicated  in  Figures  17  and  16. 
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Flgorea  lU  and  l6  (poelilve  piileee  applied  to  both  ecraane 
and  to  one  acraen  only)  Indicate  the  Daxlnum  pulse  available  fzom  the 
pulse  generator,  a value  vhldi  vaa  Ineufflcient  to  trigger  the  flip-flop 
(the  existing  flip-flop  is  quite  inaenaitlve  to  increase  in  aoreen  aupply 
voltage).  The  remaining  figurea  of  the  group  Indicate  the  minlsusa  supply 
pulse  neceasary  to  trlgrer  the  flip-flop.  It  i a Internatizig  to  note  that 
the  flip-flop  la  relatively  inaensitive  to  such  power  siQiply  dietorbaMCCs, 
and  that  the  decotqillng  circuit  dose  not  appear  to  be  particularly  effec- 
tive in  reatoving  comnaratively  long  duration  (4  microaecond)  nulaea  on  the 
supply  volt age a. 

Marginal  Teating  by  Lowering  Screen  Toltagea 

One  of  Che  aost  nroaialng  Mthada  of  detecting  the  presence 
)f  Marginal  flio'-flop  tubes  in  ths  comnutar  ie  observation  of  flip-flop 
oerfonsence  with  one  of  the  tubes  operating  at  reduced  acreen  voltage, 
weak  tubes  preatiMably  being  lets  tolerant  of  reduction  in  acreen  voltage 
than  good' tubes,  four  6a07  tubes  i^lbh  had  been  operated  for  1^00  hours 
in  a life-teat  rack  were  used  in  a teat  flli^flop  to  deteraine  the 
effect iveneaa  of  the  proposed  Marginal  tube  detection  aohaaie.  Because  of 
the  perfontance  of  these  tubes  la  various  flip-flops  In  the  laboratory 
and  because  of  the  length  of  tiae  theae  tubes  were  ocerated  in  the  life 
teat  radc  it  ia  believed  that  they  were  representative  of  auurginal  tubes 
to  be  encounter*^  in  oneration  of  vvi. 


The  following  table  Indieatea  the  range  of  acreea  voltage 
variation  (on  one  tube  onljr  - the  screen  of  the  other  tube  was  BHdntalnad 
at  /ISO  volte  during  the  teats)  throughout  whidi  the  flip-flop  la  etablo. 


Flip=yicp  Tube  Muabers 
heft  Tube  Bight  Tube 

Bangs  Screen  Voltage  for  Stable  Operation 
heft  Tube  Screen  Bi^t  Tuba  Sorasn 

Voltage  Varied 

— nil  111  r]T~i 

1 

2 

90  - 170 

84  - 175 

1 

3 

86  - 175 

85  - 183 

• 

1 

4 

95  - 

80  - 163 

2 

3 

89  - 186 

89  - 190 

2 

4 

95  - 162 

80  - 161 

3 

4 

87  - 200 

80  - 154 

In  view  of  the  above  Infonatlon,  which  le.of  course,  <ialte 
Iccoaiplete,  It  i^jpeera  that  lowering  of  the  screen  supply  llnee  Individually 
will  provide  a reasonably  satisfactory  oheok  on  Marginal  tubes.  It  Aould 
be  realized,  however,  that  with  the  beet  available  paired  Tlip-flop 
tubea  reduction  of  one  aoreen  to  approximately  8^  volte  reeulta  In  Inatablllty. 
Hence  the  method  certainly  la  not  foolproof  and  care  atust  be  taken  to  deter- 
mine the  moat  realistic  value  of  depreaaed  acreen  voltages  oonalstent  with 
detection  of  the  maxlamm  number  of  marginal  tubes  and  ths  rejection  of  the 
minimum  number  of  good  tubes. 
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FIGURE  I 
I5MMF  EXTERNAL 
SHUNT  CAPACITANCE 
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FIGURE  4 
35MMF  EXTERNAL 
SHUNT  CAPACITANCE 


7.5  VOLT  TRIGGER  PULSES 
TO  FLIP-FLOP  GRID 
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FIGURE  2 
I5MMF  EXTERNAL 
SHUNT  CAPACITANCE 


FIGURE  5 
35  MMF  EXTERNAL 
SHUNT  CAPACITANCE 


15  VOLT  TRIGGER  PULSES 
TO  FLIP-FLOP  GRID 
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FIGURE  3 
15  MMF  EXTERNAL 
SHUNT  CAPACITANCE 


FIGURE  6 
35  MMF  EXTERNAL 
SHUNT  CAPACITANCE 


30  VOLT  TRIGGER  PULSES 
TO  FLIP-FLOP  GRID 
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FLIP-FLOP  OUTPUT  VOLTAGE  WAVE  SHAPE 

SWEEP  SPEED  0.5  MICROSECOND  PER  INCH 


FIGURE  7 
ISMMF  EXTERNAL 
SHUNT  CAPACITANCE 


FIGURE  10 
35  MMF  EXTERNAL 
SHUNT  CAPACITANCE 


7.5  VOLT  TRIGGER  PULSES 
TO  FLIP-FLOP  CATHODE 


FIGURE  8 

15  MMF  EXTERNAL 
SHUNT  CAPACITANCE 


FIGURE  II 
35  MMF  EXTERNAL 
SHUNT  CAPACITANCE 


15  VOLT  TRIGGER  PULSES 
TO  FLIP-FLOP  CATHODE 


FIGURE  9 
15  MMF  EXTERNAL 
SHUNT  CAPACITANCE 


FIGURE  12 
35  MMF  EXTERNAL 
SHUNT  CAPACITANCE 


30  VOLT  TRIGGER  PULSES 
TO  FLIP-FLOP  CATHODE 
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FLIP-FLOP  OUTPUT  VOLTAGE  WAVE  SHAPE 

SWEEP  SPEED  0.5  MICROSECOND  PER  INCH 
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NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINQB,  SPECIFICATIONS  OR  OTHER  DATA 
ARETJSED  for  any  purpose  other  than  in  connection  WITH  A DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSmiLrrY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  UCENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGBTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT'MAY  IN  ANY  WAY  BE  RELATED  THERETO. 


